This paper presents a new complete and well defined sample of Flat Spectrum Radio Sources (FSRS) selected from the CLASS survey with the further constraint of a bright (mag≤ 17.5) optical counterpart. The sample has been designed to produce a large number of low-luminosity blazars in order to test the current unifying models in the low luminosity regime. In this first paper the new sample is presented and the radio properties of the 325 sources contained therein discussed.
INTRODUCTION
The term blazar groups together two types of Active Galactic Nuclei (AGNs): the Flat Spectrum Radio Quasars (FSRQs) and the BL Lac objects. The former, which are thought to be the beamed cores of FR II radio galaxies (Urry & Padovani, 1995) , are predominantly high luminosity sources which show strong and broad emission features in their spectra whereas the latter, usually associated with beamed cores of FR I radio galaxies (Urry & Padovani, 1995) , are primarily low luminosity objects showing only weak or even absent emission features in their spectra. Despite this dichotomy in the type of optical spectra, and luminosity range, the 2 types of sources share a smooth non-thermal continuum extending from radio to the X-rays, as well as the same violent behavior such as the high degree of polarisation and variability.
Recent years have seen a proliferation of efforts in order to find a possible connection between the 2 types of blazars. The fact that no basic differences were observed between the ratios of core to extended radio luminosity and of X-rays to extended radio luminosity for BL Lacs and FSRQs, led Maraschi & Rovetti (1994) to propose that the 2 types of sources were basically similar, varying only in their global intrinsic power. Later, Ghisellini (1997) and Fossati et al. (1998) proposed that the intrinsic power was indeed the driving feature behind the uniting sequence, but this time with the consequence of shifting the peak of the Spectral Energy Distribution (SED). Indeed, as far as the synchrotron ⋆ E-mail: mmarcha@oal.ul.pt component of the spectrum is concerned there seems to be a sequence in the frequency at which the peak of the emission occurs: low luminosity sources (i.e. the weakest BL Lacs) peak at high frequencies (X-ray), while the high luminosity objects (i.e. FSRQ) peak at low frequencies (infrared/submm). The position of the peak frequency is thought to be related to the cooling rate of the electrons responsible for the emission (Ghisellini 1997) .
With the aim of investigating the relationship between BL Lacs and other Flat Spectrum Radio Sources (FSRS), Marchã et al. (1996) selected a sample of low-luminosity, core-dominated radio sources with flux density greater than 200 mJy at 5 GHz. By selecting sources with flat (α < 0.5, Sν ∝ ν −α ) radio spectra between 1.4 and 5 GHz and bright (V < 17) counterparts, this 200 mJy sample was expected to yield a purely radio flux limited sample out to z = 0.1. The objective was to obtain a statistically well defined sample of low luminosity FSRS consisting predominantly of optically passive sources, ie, sources with weak emission features which could be identified with the beamed counterparts of FRI radio galaxies. Spectroscopic observations, however, found an optical diversity which is difficult to understand under the current unified schemes for radio-loud AGN in the low luminosity regime. Apart from the expected BL Lacs and galaxies with weak emission lines (PEGs for 'Passive Elliptical Galaxies'), the data also yielded an unexpectedly high percentage (∼20%) of strong emission-line objects. Among these, 2 sources were of particular interest since they showed an unusual combination of BL Lac and quasar properties. This 'hybrid' behavior is demonstrated by their low luminosity, flat radio spectrum, a highly polarised optical continuum (Jackson & Marchã 1999) , and broad emission lines.
Evidence for a sequence in the broadband properties of blazars is found through the multi-wavelength study of the sources in the 200 mJy sample. Making use of data from across the spectrum, Antón (2000) finds a correlation between optical type, and the frequency at which the synchrotron component peaks for the FSRS of the 200 mJy sample. Specifically, BL Lacs tend to have the highest peak frequency, and PEGs the lowest, whereas the 2 low luminosity blazars mentioned before seem to have intermediate peak frequencies.
The 200 mJy sample, however, is relatively small (containing ∼ 60 objects) which implies that the number of sources falling within each category gives poor statistics. Hence, confirmation of these results based on a more extensive study is a goal worth pursuing. The ideal sample should not only be larger than the 200 mJy, but also extend itself to lower radio luminosities since the goal is to select a sizeable number of low-power, low-redshift blazars. A search through the literature reveals a few samples of FSRS, but none with the desired specifications. For instance, both the 1 Jy sample (Kühr et al. 1981 ) containing 518 sources with flux densities at 5 GHz S5GHz ≥ 1 Jy and V ≤ 20, and the CJ-F sample (Taylor et al. 1996) containing 293 sources with S4.85GHz ≥ 350 mJy and without specified magnitude limit are samples of too high a flux density limit to be of interest for the purpose in mind. The only other sample of FSRS available in the literature is the DXRBS (Perlman et al. 1998) containing sources resulting from a cross correlation between the WGACAT (White, Giommi, & Angelini 1994) X-ray catalogue, and a number of radio catalogues publicly available. The sample contains 298 sources of which 106 new identifications just appeared in the literature (Landt et al. 2001) . However, this sample is not specifically targeted at selecting low-power, low-redshift BL Lacs, something that constitutes one of the goals of the present work.
Given the current situation with the available samples of FSRS, it was decided that the cleanest approach would be to select a new sample following the criteria used for the 200 mJy, but this time making use of a deeper survey. The starting point was the CLASS survey (Cosmic Lens All Sky Survey, Myers et al. 2001 ). The resulting sample goes to a limiting flux density of 30 mJy at 5 GHz, i.e., roughly 6 times lower than the flux density limit of the 200 mJy sample. In this paper the selection criteria of this new sample are presented and its radio properties discussed, leaving the discussion of the optical properties to a forthcoming paper (Caccianiga et al.; submitted to MNRAS).
The paper is organised as follows. In the next section the radio survey from which the sample was selected is briefly discussed. This is followed by the definition of the selection criteria of the new sample. Finally the radio properties of the sample are discussed and the summary presented.
THE CLASS SURVEY
The CLASS survey is one of the deepest survey of flat spectrum radio sources available so far. The primary goal of this survey was the selection, in the radio band, of gravitational lenses to be used to estimate the cosmological parameters.
The CLASS statistical sample, which contains ∼ 11, 600 sources, has been defined by using the NVSS catalogue (Condon et al. 1998 ) at 1.4 GHz and the GB6 catalogue (Gregory et al. 1996) at 5GHz. These two surveys offer the advantage of a large and uniform sky coverage at relatively deep flux limits (about 2.5 mJy for the NVSS survey and about 25 mJy for the GB6). The CLASS catalogue is the result of a positional cross-correlation between the two catalogues with the further constraint of a flat α 4.8 1.4 ≤0.5, spectral index. Since the two catalogues have been produced with instruments having different resolutions (the NVSS beam has FWHM=45
′′ while the GB6 beam has FWHM∼3.5 ′ ), some sources are resolved in more components in the NVSS than in the GB6 catalogue where they appear as a unique entry. As a consequence, the 1.4 GHz flux will be systematically underestimated in these cases and the corresponding spectral index will be flatter. This effect will bring some unwanted steep spectrum sources in the sample. In order to reduce this problem, the positional cross-correlation has been done in such a way that all the NVSS flux within a radius of 70 ′′ of the GB6 position was considered (Myers et al., in preparation) .
However, this procedure will not eliminate completely the steep spectrum sources from the sample because the Green Bank beam is uncapable of resolving sources on scales up to ∼3-4 ′ . Indeed, some of these large double or triple radio sources have been found in the catalogue (see section 4.1).
THE OPTICALLY BRIGHT SUBSAMPLE
The main goal of the work presented here is to select a sample of low-luminosity blazars. Given the typical absolute magnitudes of the radio galaxies (Browne & Marchã 1993) it is expected that all blazars with z≤0.15 will have R≤17.5 due to the presence of the host galaxy. Thus, the optically bright sample selected from the CLASS survey by imposing the optical limit R <17.5 will contain as a subset a purely radio flux limited sample for redshift below 0.15.
The selection of this sample was done by using the Automated Plate Measuring machine facility (APM; www.ast.cam.ac.uk/∼apmcat/). Since APM covers only high galactic latitudes (|b II | ≥ 15 − 20 • ), the only objects considered were those with |b II | ≥ 20
• , where the catalogue is virtually complete.
Although APM offers the unique possibility of an automatic search for the optical counterparts of entire catalogues containing a large number of sources, there are two main problems which have to be addressed when dealing with the automatic identification of optical counterparts:
(i) Uncertainty on the optical position for optically bright (RAP M ≤15) and extended objects.
(ii) Uncertainty on the APM magnitude for extended objects.
(iii) APM blending or fragmentation of sources.
In order to address the first problem, the distribution of the NVSS/APM positional offset has been studied in three different bins of magnitude: RAP M <12, 12≤ RAP M <16 and 16≤ RAP M <18 (Fig. 1) . Positional offsets up to 30 have been considered. The radius (b) of the circle that includes 95% of the optical counterparts has been computed by assuming that all the radio/optical matches with an offset larger than rmax are spurious. For the bins 12≤RAP M <16 and 16≤RAP M <18 an rmax=15 ′′ was assumed, whereas for the brightest bin (RAP M <12) an rmax=20 ′′ was considered. The resulting values of b are: b=4
The final list of sources was derived by keeping only the sources that have a radio/optical offset below b in the three magnitude intervals. In the case of the brightest bin (RAP M ≤12), where the large positional tolerance can introduce some spurious radio/optical matches, the optical finding charts were visually inspected and the clear cases of wrong optical counterpart excluded.
The second issue to address in the optical identification process is the correction of the APM magnitudes. Due to the way the detection algorithm works, APM magnitudes for sources which are extended and brighter than ∼17 can be systematically underestimated (Antón 2000) . In particular, the APM red magnitudes (brighter than 15-16) appear systematically underestimated when compared with photometric magnitudes in R band (which is close to the band used for the POSS plates). This discrepancy appears more evident for extended objects (galaxies). However, besides this systematic discrepancy, a large dispersion (up to 2 magnitudes) is also observed. It was thus decided that an empirical correction should be applied to the red magnitude, in order to reduce these two problems. This correction has the following form (Antón 2000) :
where R is the corrected R magnitude, RAP M is the observed APM red magnitude and σR gives the departure from a Gaussian profile in units of σ (given in the APM output). The magnitude shown in Table 1 is this corrected magnitude.
Finally the problem of APM blending and fragmentation of sources was resolved by visual inspection of all of the finding charts. In this way it was possible to manually correct the few cases where the magnitude of a source was completely miscalculated due to the blending of 2 nearby objects.
In summary, the optically bright CLASS sample contains 325 sources which obey the following selection criteria:
The complete sample of optically bright CLASS sources is presented in Table 1 . The columns are: (1) -name, based on the GB6 position; (2) -the NVSS position (J2000); (3) -APM corrected red magnitude; (4) -the NVSS flux density (1.4 GHz). This is the sum of the fluxes of all the NVSS sources found within 70
′′ from the GB6 position (in only 38 cases more than one NVSS component has been found); (5) -the GB6 flux density (4.8 GHz); (6) -VLA flux density at 8.4 GHz ("<" indicates upper limit for the detection); (7) -the spectral index between 1.4 and 4.8 GHz; (8) -the spectral index between 1.4 and 8.4 GHz (a ">" indicates an lower limit based on the detection limit in column 6); (9) 
RADIO PROPERTIES
The primary goal of this work is the selection of a sample of blazars, i.e. core-dominated, flat radio spectrum sources. However, the simple cross-correlation between the NVSS and the GB6 catalogue and the subsequent constraint on the radio spectral index can select some objects which are not truly FSRS and/or core-dominated sources. Hence, all additional available information to check the spectral indices and the radio morphology of the sources contained in the sample was considered. Specifically, the following pieces of information have been used:
• VLA snap-shots at 8.4 GHz. The entire CLASS catalogue has been observed at 8.4 GHz with VLA in Aconfiguration. Except for few (15) sources not detected at this frequency there is a flux density and a position at 8.4 GHz for 95% of the sources in the optically bright CLASS sample.
• FIRST data. The FIRST survey (Becker et al. 1995 , White et al. 1997 ) is made at 1.4 GHz with VLA in B configuration which is a good compromise between resolution (beam∼4 ′′ ) and sensitivity to extended emission (largest angular scale θLAS ∼100 ′′ ). Hence, it is ideal to estimate the compactness parameter for the CLASS sources. About 50% of the sources in the sample fall in the region of sky covered by the FIRST survey. 
The steep spectrum sources
By definition, the CLASS sources have a flat spectrum between 1.4 and 4.8 GHz (α 1.4 ≥ 0.7), the slope of the correlation is consistent with a one-to-one relationship. The dispersion of the points on this fixed one-to-one relationship is σy=0.25. Given this dispersion, it is expected that a number of objects will have a rather steep spectrum between 1.4 and 8.4 GHz, even if they were selected to have a flat spectrum between 1.4 and 4.8 GHz. More quantitatively, about 10 objects are expected to have α 8.4
1.4 ≥0.75. The observed number, however, is much higher (60, including the lower limits) thus indicating that there is a clear "tail" of steep objects that cannot be explained simply as due to the statistical dispersion on the α 4.8 1.4 /α 8.4
1.4 correlation. This "tail" is clearly visible also in Figure 2b .
The 60 sources with α 8.4
1.4 ≥0.75 were submitted to further inspection of the NVSS maps and were gathered in 2 groups: 1) Objects showing a complex morphology, with 2 or more components on scales of 2 ′ -4 ′ : 15 sources. 2) Objects not resolved in many components (45 sources). Some of these are extended at the NVSS resolution (Sint/S peak > 1.1) and others are compact (Sint/S peak ≤ 1.1).
In case 1 the GB6 flux is expected to be the sum of most if not all the components observed in the radio maps. The 1.4 GHz flux, instead, is the sum of the fluxes within 70
′′ from the GB6 position, as previously explained. Hence, for sources with an extension larger than 70
′′ the most external components are not included in the computation of the 1.4 GHz flux. The resulting α 1.4 is that some flux is missed at 8.4 GHz. In fact, the VLA (A array) observations are expected to miss flux on scales larger than 6 ′′ and, thus, well within the beamsize of the NVSS observations. This means that these objects are probably not strongly core dominated sources. The extreme example is the planetary nebula NGC 6543 (the object not detected at 8.4 GHz, GB6J175833+663801) which appears with α (772 mJy) and at 4.8 GHz (875 mJy) but when observed at 8.4 GHz with a beam size of 0.24 ′′ , it disappears. For reasons of completeness, the NVSS maps of the entire sample were inspected in order to identify all possible cases of sources that fall in case (1) studied above. This analysis revealed another 7 sources that were also flagged as "steep" (flag=s) in the last column of Table 1 . (The NVSS maps for the 22 steep sources are shown in Figure 4 .) It is interesting to note that the percentage of steep spectrum sources found in this sample corresponds exactly to that which is expected in the complete CLASS catalogue (Meyers et al. 2001) .
In summary, the presence of a "tail" of some steep (between 1.4 and 8.4 GHz) sources is mainly due to the fact that at 8.4 GHz some flux is missed in objects which are not very compact.
The extended sources
Since 144 objects fall in the region of sky covered by the FIRST survey, it is possible to compute a reliable radio "compactness" parameter. The 16 objects which are resolved by FIRST in 2 components were excluded from the analysis.
Assuming: 
CONCLUSION
A new deep sample of flat radio spectrum sources based on CLASS data has been presented. This sample has been designed to select and study the low-luminosity tail of the blazar class of AGN which, under the current unification model, should contain mainly optically featureless objects (BL Lacs). The goal is to test this hypothesis by systematically studying the optical properties of a well defined and complete local sample of blazars. To this end, only the optically bright (R≤17.5) CLASS sources have been considered. The resulting sample contains 325 objects and it is the natural extension of the 200 mJy sample by Marchã et al. (1996) down to fainter fluxes (30 mJy at 4.8 GHz).
In this first paper the radio properties of these 325 objects have been studied by using the available data at different frequencies and resolutions. It has been concluded that the vast majority of the objects selected in the CLASS blazar survey are compact (R≥1) even at the 6 ′′ beam of the FIRST survey with a large percentage (∼76%) of objects with very high R (≥10). Furthermore, it has also been shown that the spectral index between 1.4 and 4.8 GHz is well correlated with the index computed between 1.4 and 8.4 GHz. Finally, only 22 objects show clear lobe-dominated radio structures which owe their appearance in the sample to the different resolution of the catalogues used for the selection.
The optical follow-up of the entire sample is in progress and, so far, more than 70% of the objects have been spectroscopically classified. The results from the optical identification will be presented and discussed in a forthcoming paper (Caccianiga et al.; submitted to MNRAS). 
